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ABSTRACT 

The nature of novice programmers 1 mental models for 
BASIC statements following preliminary BASIC instruction was assessed 
with 30 undergraduates who were taught BASIC through a self-paced, 
mastery manual and who were simultaneously given hands-on access to 
an Apple II microcomputer. Following instruction, the students were 
tested to determine their conceptions of what goes on inside the 
computer during the execution of each 
LET A = B + 1; (2) PRINT C? (3) LET D 
LESS THAN B GOTO 99? (6) INPUT A? (7) 
A; and (9) 60 GOTO 30. Data gathering 
questionnaire to obtain information on 

characteristics and background in mathematics and/or computer 
programming; the IBM Programmer Aptitude Test; and both verbal and 
visual (diagram) tests on the nine statements. Results showed that 
despite adequate performance on program generation mastery tests, 
students possessed a wide range of misconceptions concerning the 
statements they had learned. This paper presents a catalog of the 
subjects' mental models for each of the statements, frequency tables 
showing incorrect or incomplete transactions produced for each 
statements, and a six-item reference list. Appendices include 
instructions, a sample page, and a sample protocol from each of the 
two tests on the BASIC statements. ( Author/LMM) 



of nine BASIC statements: (1) 
* O? (4) PRINT M C"; (5) IF A IS 
20 DATA 80, 90, 99? (8) 30 READ 
instruments included a 
the subject ' s demographic 
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Abrt raet 

In the process of learning a computer language, beginning programmers way 
develop mental models for the language. A mental model refers to the user's 
conception of the "invisible" information processing that occurs inside the 
computer between input and output. In this study, thirty undergraduates 
le.rrneJ BASIC through a self -paced, mastery manual and simultaneously had 
hallux— on access to an Apple II computer. After instruction, the students 
were tested on their mental models for the execution of each of nine BASIC 
statements. The results show that beginning programmers — although able in 
perform adequately on mastery tests in program generation — possessed a wide 
range of misconceptions concerning the statement? they had learned. For 
example, the majority of the beginning programmers had either incorrect 
conceptions for or no conceptions of statements such as INPUT A, READ A, and 
PRIM C. This paper presents a catalogue of beginning programmers 1 
conceptions of "what goes on inside the computer" for each of nine BASIC 
statements . 
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Novice Ivors' Mi *, conceptions of BASIC Programming Statement- 

This paper provides new int oiu'.r. i on concerning how he*; inning programmers 
learn HAS TC . Suppose that you were going to teach a beginning programmer how 
to use a programming language such as BASTC. The typical instructional 
sequence involves an orderly presentation of the elementary statements. For 

aeh statement, the tollo./ing information is generally presented: 
definition, grammar, format specifications, example programs, and printouts. 
The apparent goal of most instructional sequences is to teach the user to 
perform. The typical instructional sequence occasionally includes partial 
descriptions of internal processes or states in the computer — such as memory 
locations, input stacks, etc. — but such descri" tiens are relatively rare and 
unsystematic. Thus, relatively little attention s to be paid to the 

instructional goal of teaching the user to understand , 
vrnat is Learned 

The main focus of this paper concerns "what is learned" when a beginning 
programmer is taught a computer programming language such as BASIC, following 
a typical instruction sequence. 

The outcore of learning — what is learned — can be viewed in two distinct 

way s : 

Learning LAS1C involves acquisition of new information . This idea 
asserts that learning a computer programming language is like learning any 
subject matter; the learner must acquire specific facts, skills, and rules. 
For example, the learner acquires new information such as format rules for 
when to use quotes in a PRINT statement or how to produce a conditional loop 
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us jij; an I r" Ktatcr. t .'UL, Acquisition of specific in'ortnation is generally the 
explicit objective vi instruction. 

• Hi}. r JLAJ2 6_JI^ - LI ( ! f 1 1 v 0 ^ v ° c; lli ' c L l I 2- s J..lj- 1 l n °/ . a - i: ' cnt: ^ mode l . This idea 

.isstM ls that, during the course of learning, a user develops a conception of 
the invisible actions and states that occur ia the computer between input and 
output. For example, the learner acquires new mental models such as the idea 
of memory spaces for holding numbers as in a counter set LET statement. 
Acquisition of mental models is generally not an explicit objective of 
inst rue t ion . 

Jf we conceive of the learner as an active, thinking individual, then 
the acquisition of new information and the acquisition of a mental model can 
bo looked upon as complementary processes that occur in the course of 
learning. Most instructional effort is directed towards the acquisition of 
new Information. However, understanding of how mental models are acquired in 
the process of learning the new information might be useful for the 
instructor as well as the designer. One hypothesis is that basic training in 
the essential information coupled with the opportunity to practice at a 
computer terminal will naturally lead to the acquisition of "useful" mental 
models — models that can enhance understanding of the computer language. The 
present study aims to explore this hypothesis. 
Mental Models for BASIC 

The present study explores the idea that learning of BASIC involves more 
than the acquisition of specific facts, rules, and skills. Beginning 
programmers also develop mental models for the language in the process of 
learning the essentials of BASIC. Users* models, however, may not be 
accurate or useful ones. That is, users develop individual conceptions of 
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''what .i" gi»u.y, on inside tlx- cui/put it" v:ell icavn specific I acts. 

N.aVv.i hn.s su^-o , ' , -L'i <i f r,»: .t.-vjor]-: f or <!<-sc rib ing the internal 

trr.n. forir.it ioiv. that occur for e 1 ott on t tl r v liASM' i at omen t s . In particular, 
anv HASIC statement can be concept i:a I i as. <i list of transaction:;. A 
transaction is a simple statement asseiting some action performed on some 
object at some location in the computer. For example, the following set of 
transactions describes what happens inside the computer when the statement 
10 LET A = 0 is executed : 

(1) Kind the -nmber in memory space A (ACTION: Find; OBJECT: Number; 
LOCATION: . y). 

(2) Er ise the number in memory space A (ACTION: Erase; OP.JECT: 
Number; I/ifATl'^N: Memory). 

(3) Find the number indicated on the right of the equal sign (ACTION': 
Find; OLTEOT: Number; LOCATION: Statement). 

('V; write this number in memory space A (ACTION: Write; OBJECT: 
Number; LOCATION: Memory). 

C>) Find the next statement in the program (ACTION: Find; OBJECT: 
Statement ; LOCATION: Program) . 

Experts and novices are likely to differ with respect to their mental 
model? for a programming language. For example, an expert programmer may 
have developed nr. accurate conception for a counter set LET, such as the one 
given above. That is, the expert knows that the value in memory space A is 
replaced by 0. However, the novice may lack a coherent meutal model or may- 
possess incorrect ones for BASIC statements. 

In a recent study, Mayer & Bayman (1981) asked novice and expert 
calculator users to predict the answer that would be displayed for a series 
cf problems such as 2+3+ or 2+++=. Subjects' responses were matched to 

o 6 
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trr.nsactior.nl expressions tor each burton press. Results indicated that 
.subjects differed greatly .in their conceptions of "what goes on inside the 
calculator" for each Vcy press, with experts possessing more sophisticated 
conceptions than novices. Thus;, although all subjects were able to use 
calculators to solve basic math problems — i.e. all users had acquired the 
basic information for r -r/f ormance — they differed greatly in how sophisticated 
a mental model they possessed. This work with calculators suggests that 
learning of the basic information about how to use a language does not 
guarantee that a user has also acquired a us* fill mental model for the 
language . 

Moran (1981) suggests that the user develops a "conceptual model" of tti" 
system as he or she learns and uses it. He defines the user's conceptual 
model as the knowledge that organizes how the system works and how it can be 
used to accomplish tasks. How much training one needs to acquire a 
conceptual model has not been explored yet. Studying novices 1 understanding 
of the programming statements constitutes the first step in addressing this 
issue. In Mi is paper, we dp scribe r.ovice programmers 1 conceptions of 
elementary BASIC statements, using a transaction analysis. There is yet no 
empirical evidence on novices 1 mental models of the statements of BASIC, at 
this level of detail. 

Method 

The goal of this study is to assess the nature of novice programmers 1 
mental models for BASIC statements, following preliminary instruction in 
lUSIC. In particular, this study assesses the transactions that each subject 
attributes to each of nine BASIC statements, following instruction in how to 
use these statements. Some transactions are essential for understanding a 
statement. We will determine the number of subjects who show evidence of 
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having J'.:<{uii\-d tlic:.o oia-en i i a i t 1 an.: . i * ? : \ i< : icw t.\«.ch statement. Sr-rv 
tr.m^.'u 1 ions ;!R' in.rctrcct , sua; 1 as th;nkin>. M'.it KhAD A involve-; print i n 
out a number. We will dcte t r: i nc the iuimIh." o! ; uV;i. els win- show ev i deuce o r 
ii.Ci'trck t transactions for each st .1 1 < t ht. c . The linal product, of this stcc-, 
will bo a frequency table toi each statement, shoving the numb or of subjects 
possessing each major transaction. 
Sub j eels 

The subjects were 30 undergraduates at the University of California, 
Santa Barbara who had no prior knowledge about computer programming. 
Pc r t ic ipat ; .-n in the study was partial fulfillment of the requirements for 
the introductory psychology course that they were taking. 
Vn to ria ls and Appa r a t u s 

Questionnaire . The questionnaire was an 8\.:<].l sheet of paper consisting 
oi typed questions regarding: (1) the subject's mathematics background; such 
as f eoroti y, algebra, and calculus courses the individual had taken in high 
school and in college, (2) the subject's demographic characteristics; such as 
academic major, age, sex, GPA and SAT-Verbal and SAT-Math scores, and (3) the 
subject's computer programming background, such as whether the individual 
Unev how to program a calculator and whether the individual had ever typed at 
a computer terminal, 

IBM Computer Programmer Aptitude Test . This pretest consisted of five 
8^vll inch, sheets of paper based on a shortened version of the thiee-part IBM 
Computer Programmer Aptitude Sample Test (Luftig, 1980). Part I (PAT-1) 
consisted of 25 number series problems, with £ 5-minute time limit. Part II 
(PA7-2) consisted of 18 picture analogies, with an 8-minute time limit. Part 
III (PAT-3) consisted of 12 arithmetic story problems, with an 8-minute time 
limit . 
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|' t r j ; 4 in;:.- ,i !\w I K, rm jriui 'U-M (Ser ies A/). This pretext 

v-, : . i : i J i : • .-.p.. : i . • ' \ ', ..u.' 1 1 . ' i on pi nh 1 <*ms , will 1 S-m i nu t <■ t ' r limit . 

j m.h;, : 'i'th [.«• :. v !, , ..w! Ic'-^-'i: IJ V,i'l t 1 C'MjU'Std I I Ol.. i: 

- t-l! -'.I'^tiucti'^M M'li-p;u c*'., i. .jsteiv tovt cil U'u ;-;ASiC in Si v . Ho nrs (Marcus, 

that i: viiVlv usod in 1 1 ^ ch i ng h.\Si<: in the Microcomputer l aboratory 
of the University of ('a ] i i orn i a , Santa Harhara. The text required that the 
iv-,,... l.a»: hands-on access to fin Apple-II Computer. The text d ; d include 
L.asterv tests at tlu end of earh lesson hut did not provide any conceptual 
models to explain the statements . 

lesson i. This eleven page typewr i 1 1 on lesson covered statement 
execution in the immediate mode. The statements, taught were the PI: I NT, 1,11V, 
and Tr-ThhN statements. There were exercises for doing simple arithmetic 
m'dcuhuic-mr., for having character strips printed on the display screen, and 
i'ci assigning valuer to numeric;:] and character string variables. The use of 
the semicr 1 or. s and commas for spacing on the screen, the use of the colon for 
itrter.c'at stacking and the u.-e of the command NEW were taught in conjunction 
with the statements. The lesson ended with a 10-minute self test that 
covered the essential information taught in the booklet. 

Less on II - This fourteen page, typed lesson covered program 
preparation, adding or deleting statements in a program, obtaining the list 
of statements on the display screen, and how to run a program. Also the 
lessen covered the use of the GOTO statements, the IF statement, the 
numerical and character spring INPUT statements , and the READ and DATA 
statements. Several sample programs were included, and there was a 10-minut2 
self test at tne end of the lesson. 

Posttests. Tl ; study involved two posttests — verbal test and visual 
test — with the same nine statements tested in each. 2 



MisciWiCopt ion*; of F.ASTC 

\\ t \ \x ! 'i t-st . Vti i j. 1 ; . ; l - . i i iu-A i h ^K^-f '. < - : r. i,.. 1 r , v. i : : t , 

t a t ei .e:- 1 te:.U'd : cad ;! ■» . ':':.»• t -i t * n t * in : in- r. W(.-;r (in 
« : < : <- T }:tri."!!i;- irr): 
i A - I'. * 1 
I'K i N'; C 
t.IT 1) 0 

1 r A H GOTO 
INiTT A 

20 PATA K», 90, 4 9 
30 K KAD A 

60 roil) 30 

Tlu- -'mediate node statements were presented one on a sheet, with a carriage 
return (indicated by <CR-) after each; the line numbered statements were 
presented within a simple program, ror hot hi, subjects were instructed to 
v-ite, in. plain English, the steps that the computer would carry out for each 
statement. They were instructed to write each step on a separate line of the 
test sheet. Subjects were instructed to work on the statements in the given 
order and were not allowed to skip ahead or go back to the previous page. 

Visual Test. This test involved the same nine statements as in the 
verbal test, presented in the same order and format. In addition, this test 
began with a three page typed introduction* which presented a visual diagram 
of the computer. The diagram was based on earlier experiments (Mayer, 1981) 
and consisted of four parts — the display screen with keyboard, the memory, 
the input system, and the control system. For each of the nine statements, 
subjects weie asked to indicate the state of each of the four components of 
the computer after a particular statement was executed. For each statement 
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th.Ti . c « .^'.r.i:;' that sbowd th«. tate ot th*-> compute: bo: ore th»- 

; t .t t o;-.' v.! 1 - c;-.'H'i;ri'J ,ni<! ;i :iv 5 1 1 .» • : d i , 1 .11.1 th.,t was 'eft hi. V if. ti..- 
< L'.b ,e< f toil]! ia . 

Apparatus. Apparatus ccnsisti'i! 0: tour Apple II Plus cor. putt:" , v;' f h 
of ncrory, and with Ar.:deb 1"" o<<<a<] ]()0 H/W uoitors. 
I" roccdur e 

Th e study c on s i s t c d of s i >: sessions. In the fir 1 s e s s i on , sub j errs in 
rrcups of up to six filled out the questionnaire, received a brief 
description of the study, signed: up for tines for the next five sessions, and 
toed' tbo « eries of the four pretests. Tests were admir i stored in the ordar, 
r'A~-l. PAT-1 1 , PAT -3 and Minnesota Paper Form Hoard 'lest, with tine l"n:iit«; of 
r , °, and 8 mi rates, respectively. In the following three sessions each 
v.iu ; , act worked on the two lessons at h i s or her own pace. Subjects veiled 
; ad i .■ * -In a 1 ly at the Microcomputer Laboratory,' using Apple li ror.puttj rs, in 
rv .:::on with the text. bo 11 owing oa.cb lesson, subjects 1 per Torrance on 
: h a s 1 test wa s checked, t h e y were asked to work on the q v e s t i o n s 1 1 le y 
rr * S crr: until they passed the test. In the final two sessions subjects took 
the pestte^ts at their own pace, in groups of no more than five people at one 
tine. The verbal test was always given before the visual test. 

Resu.l t s 

Scor ing 

Each subject's protoco 1 for each of the nine statements on the verbal 
test was scored by two judges. Each protocol was broken down into a list of 
transactions. A transaction expresses some action performed on some object 
at some location in the computer (see Mayer, 1979). For example, one 
subject's protocol for LET A = B + 1 was: 

1. Prints what is typed on screen 



ERLC 
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. ! ;,'('!.;; ai.i! 1 - : I t hi- wni .!".'■ m'-.-.a- 
;i . S I » he L* p.iat i c\ v i t li i n ; o! r.-.i t i f»:. ;.• i \ * 
. o i vi. .'! so 1 u I. i or. f c p roii 1 cv 
Yii,_..i itvps cr.", 1 t ran si .-it ft! into the « o 1 ow i r »■ : * .-r - t i o:: : 
PRINT I IT A=B+1 u;i tho ^cvven. 
FIND the statement that was jiu t entered. 
SOI.VK the equation that waf, just entered. 
Y R I N T the s n 1 u t i o n on the sere e n . 
l)i f ^;reements between judges were rare and wore settled by consensus. 

Fach subject's di.iRr.ntr for each of the nine s^aretren^s in the visual 
test was scared by one judge. The judp,t: noted the epecifir contents of each 
of the four necory spaces, the specific contents of the display serein, the 
contents of the input system, and the direction of the arrow in the cntrol 
s\stem. (Note that executive control of order o1 line oxerutirn could not be 
deter:. ir.L-d in this test — so key aspects of IF and GOTO statements could not 
K- scored,) rach subject's diagram was converted into a list of transactions 
bv comparing the initial state of each, component and the state of each 
component following statement execution as produced by the subject. For 
example, ne subject fills in the components of the computer diagram for LET 
A - B + 1 ars shown in Appendix F. As can be seen, the four memory spaces 
contain A = B + 1,0,21, 15, respectively (as compared to the initial 
contents of 0, 21, 15, 66, respectively), the display screen is intact 
showing READY followed by the cursor and the command LET A=B+1, the input 
system contains 5, 99, 6, and 7 in each case and the control arrow points to 
WAIT (as compared to RUN in the initial diagram). The transactions indicated 
by this subject are: 

For the memory spaces W rite A = B + 1 in memory space A. 
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Krvt- the numbers in each space to 
the next memory space. 

Ki-f t ; •• u>;i( rt>l system Wait for the next statement to he entered 

from the keyboard. 
For each of the nine statements a list of correct transactions was 
>;e:;e rated, bnst-d on an earlier analysis of Mayer (1979). The correct 
transactions represent the events which are essential for describing the 
execution of the statement. For example, the correct transactions for 
hf.T A B + 1 are as follows: 

1. Find the number in memory space A. 

2. Frase that number. 

VJjul the number in memory space B . 
4. Add one to that number. 

b. Write the obtained value in memory space A. 

Find ti.w next statement that is entered at the keyboard. 
The" kev r ran sac t i on (s) for each statement were determined by two judges, 
based c\: the most characteristic event (s) in the statement. For example, the 
key transaction for L FT A - B + 3 is, "Write the obtained value in memory 
space A. 

For each statement, a list of alternative transactions was also 
generated, based on the subjects' answers. Some of the transactions were 
unnecessary, such as printing the statement on the screen. Some of the 
transactions were incomplete, such as writing B + 1 in memory space A. 
Incomplete versions of key transactions, such as the previous example, were 
also identified. Some of the transactions were incorrect, such as writing 
A = B 1 in memory or printing the value of A on the screen. The incorrect 
transactions represent students* misconceptions of the events involved for a 
statement . 
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r 1 1 • q \ i e i* r_^_ of Mis c oncep t ions 

For each of the nine s t a t emcn I s , <'< frequency table was generated In- 
tallying each subject's answer on the verbal test and on the visual test 
against the .list of all possible correct, unnecessary, incomplete and 
incorrect transactions. Tables 1 through 9 presents summaries of the data 
for each of the nine statements, respectively. Hence, each table lists only 
the major transactions for a given statement,^ and shows the proportion of 
subjects who produced each transaction on the verbal test and on the visual 
rest. Proportions are reported separately for the verbal and visual tests. 
Thr- missing proportions for a transaction on either test indicates that the 
transaction could not be detected from that test. For example , transfer of 
control from one line to another cannot be detected from the visual test. 
The transactions in the tables are stated in plain English. Key transactions 
are indicated by double as teri sks( **) . 



Tables 1 through 9 about here 



Note that on the verbal test subjects are asked to write the steps that 
the computer goes through in executing the programming statement. In 
contrast, on the visual test subjects are asked to fill in the four-component 
computer diagram indicating the changes that occur due to the execution of 
the statement. The following expository discussion of results is based on 
the subjects' answers in both of the tests but focuses on the data from the 
verbal test. This is done because the verbal test allows a more detailed 
description of subjects' answers than the visual test, the verbal test was 
administered before the visual test, and the visual test did not provide 
information on transfer of control. 
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1.1. r A^r.+ l. Ihc major mi sconcept tons lor this r.t,!tu;;;ent can be grouped 
into thit e cate^or ies : (1) Thai the computer writes A-K+l in memory or in 
memory spare A. Forty-seven percent of the .subjects thought that ti.r« 
CD'.imuter stored the equation instead of the value obtained fron F.+ l. 
(2) That the computer prints the equation or A or the value of A on the 
screen. Twenty-three percent of the subjects answered this way. (3) That 
the computer solves the equation A=B+1. Thirteen percent of the subjects 
believed that this is the case. 

Only 30% of the subjects' answers included the key transaction that the 
computer would store the value from B+l for the variable A. 

Table 1 gives the specific proportions produced by subjects 1 answers of 
the major incorrect and incomplete transactions as well as of the set of 
correct transactions. 

(2) LET D=0. The major misconceptions for this statement can be grouped 
i;*.to three categories: (1) That the computer writes the equation in memory . 
icrty-sevcn percent of the subjects opted for this idea. (2) That the 
ccrruter solves the equation. Seven percent of the subjects answered this 
w;:v. (3) That the computer prints the equation on the screen. Seven 
percent of the subjects thought this night happen. 

Ihe key transaction that the computer writes the value zero in its 
memory for the variable D is given by 47 percent of the subjects. 

For more detailed description of the subjects' answers refer to Table 2 
which includes proportions produced for an incomplete transaction and for the 
set of correct transactions besides proportions for the major incorrect 
transactions described above. 

(3) PR T NT C. The major misconceptions for this statement can also be 
grouped into three categories: (1) That the computer prints the letter C on 
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; . L . ; , . n , 'ihi r r * -t h fee j-fi\i ;:f tin* !-!:!■; orts iiuorrectly answered this 
\,v. (") Th.il t l:c eomputer pj'iuts either erior or nothing cm the screen. 
;,. V ci: ]u.Ti.jnt (■! ilic :-w!.je. ' h.tti tbi:, particular conception. (3) That the 

copjuitur writes in its 1 L>rv - Seven percent of the subjects held this 

idea . 

The key transaction that the computer would print the value of the 
variable C on the screen was given by 40 percent of the subject population. 

See Table 3 for more detailed classification of the subjects 1 answers 
for this statement. 

(4) PRINT "c" . Three major misconceptions for this statement are: 
(1) That the computer prints the value of the variable C on the screen. 
Seven percent of the subjects answered this way. (2) That the computer 
writes C in its memory. Again 7 percent of the subjects thought this was the 
case. (3) That the computer finds the number in memory space C. Only one 
j •.■? c r an s we red this way . 

Eighty-three percent of the subject population stated the key 
t r« -i^r.f t ion that the computer would print C on the screen. 

See Table 4 for more detailed information on the subjects' answers for 
th is s t a t ernent . 

(3) INPUT A. The major misconceptions for this statement are: (1) That 
the computer writes A in a data list or memory. Thirty percent of the 
subjects' answers fell in this category. (2) That the data or A will be 
printed on the screen. Only one subject held this conception. 

There are three key transactions for the INPUT statement: (1) That the 
computer prints a question mark on the screen. Seven percent of the subject 
prpulation stated this transaction. (2) That the computer waits for the 
value of A and <CR> to be entered from the keyboard. Twenty-three percent of 
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the subjects' answers implied this: com '^pt ion . (3) That the computer stores 
the entered value in memory space A. Only one subject held this conception. 

See Table r ) for the proportions produced h> iibjects' answers for the 
major transactions for this statement. 

(6) IT- A<B GOTO 99 . The major misconceptions can be grouped into four 
categories: (1) That the computer print s number /j or line 99 or an error on 
the screen. Twenty percent of the subject population believed this was the 
case. (2) That the computer finds number 99 i' is less than B. Thirteen 
percent of the subjects answered this way. (3) That the computer writes A or 
B or A is less than B in memory. Ten percent of the subjects' answers fell 
in this category. (4) That the computer moves to line 99 without any test ci 
whether the condition A<B is true. Ten percent of the subjects thought that 
this was the case. 

There are two key transactions for the conditional GOTO statement: (1) 
VLnt execution would move to line 99 in the program if the value of A is less 
than the value of B. Sixty-three of the subjects held this conception. (2) 
Thar, execution would continue with the next statement in the program if the 
value of A is not less than the value of B. Only 33 percent of the subject 
population stated this conception in their protocols. 

For more detailed list of the transactions and the corresponding 
proportions of subjects 1 answers see Table 6. 

(7) 2 0 DATA 80, 90, 99 . The major misconception for the DATA statement 
is that the computer prints the numbers on the screen. Thirteen percent of 
the subject population answered this way. 

Only 27 percent of the subjects gave the precise answer that the numbers 
80, 90, 99 would be put in memory or the input queue. 

See Table 7 for more detailed categorization of the subjects 1 answers. 

ERLC 1 ' 
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U) KKAD A. Tut' i;:;ijor w.i sconcept ioiu: lor the PFAI) s t a tcmaii i i.in bo 
^ii'un»(l into throe categoric:-: (1) That the compute J prints the value of A 
or the. screen. '1 en. percent of the subject:- believed in this idea, ff?) That 
the computer v:ri tes A in memory. One subject stated this conception. (3) 
That the computer waits for a value to be entered from the keyboard. Again, 
only one subject held this wrong conception. 

Only 10 percent of the subject population answered that the first date 
value from the DATA statement would be written in memory space A. 

See Table 8 for more detailed description of the subjects' answers for 
the READ statement. 

(9) 60 GOTO 30 , The major misconceptions are: (1) That the computer 
frnds_ 30 if A is not equal to some number. Seven percent of the subjects 
answered this way. (2) That the computer prints line 30 on the sci -en. ily 
one subject g.i , c th^ . ,swer. 

There are two key transactions for the simple GOTO statement: (1) That 
the computer moves program execution to line 30 in the program. Sixty-seven 
percent of the subject population held this conception. (2) That the 
computer continues with program execution from that line. Only 37 percent of 
the subjects' answers implied that they had this idea. 

Table 9 lists these transactions and proportions corresponding to each 
transact ion. 

Dif ferences among statements . In order to make comparisons of subjects 1 
conceptions among the nine statements, each subject's verbal protocol for 
each statement was categorized as correct, incomplete, empty, or incorrect. 
The criteria for classifying protocols were: (1) correct — if the subject's 
protocol included the key transaction(s) find no incorrect transactions, (2) 
incomplete — if the subject produced one or more incomplete versions of the 
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key t rnn sar '. i on ( s) atu. no incorrect transactions, (3) incorrect ~-i f the 
subject produced cue or wore ir.correc'c transactions, and (4) enp t y — i 1 the 
subject produced no key transactions, no incomplete version of a correct 
transaction, and no incorrect transaction. Table 10 presents a summary of 
the proportion of users producing each type of conception for each of the 
nine BASIC statements. 

Table 10 presents the nine statements in order of difficulty based on 
proportion correct conceptions. As can be seen, PRINT !, C ,! is the best 
comprehended statement — with 80% of the subjects expressing the correct 
conception — while INPUT A is the worst understood statement — with only one 
subject indicating a correct conception. It should also be noted that 
substantial numbers of subjects hold "empty" conceptions for the READ, DATA, 
?NPUT, and PRINT C statements. 



Table 10 about here 



A corresponding summary table based on the visual test was also 
prepared. Table 11 presents seven of the nine statements in order of 
difficulty based on proportion correct statements for this test. Data for 
the IF and GOTO statements has been excluded because the visual test did not 
allow for expressing transfer of control adequately. Although there seems to 
be general similarity in the patterns of performance between the two tests, 
diking specific comparisons between them is not appropriate because of the 
Mffercnces in the nature of the tests. Note that the verbal test allowed 
rejects to exhibit incomplete and empty conceptions; in contrast, the visual 
; :s: with its fotir-part computer diagram forced subjects to be specific. 
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Table 1 1 about here 



Pretests. An additional analysis was performed in order to determine 
whether performance on the pretests was related to development of the correct 
conceptions of the BASIC statements. I r irst, correlations were run between 
each pretest score (MPFBT, PAT-1 , PAT-2 , and PAT-3) and the total number of 
correct conceptions for the nine BASIC statements. Table 12 shows the 
correlation matrix, with significant r values marked with an asterisk^*) . Ar 
can be seen, only PAT-2 — a spatial reasoning test — seems to be significantly 
related to having correct conceptions for the BASIC statements (r = .A3, p < 
•02). Also, the two spatial reasoning tests, MPFBT and Pat-2, show a 
significant correlation (r = .49, p < .01) as well as PAT-2 and PAT-3 (r = 
. 3 C ). p < .05). In addition, a stepwise regression analysis was performed 
vith each of the four pretest scores as the independent- variables and the 
total number of correct conceptions of statements as the dependent variable, 
ifcf? resulting equation selected only one variable — PAT-2 — and accounted for 
18 percent of the variance in the dependent measure. These analyses suggest 
that the PAT-2 test was the only test that was related to understanding of 
the BASIC statements, although the relationship is rather mild. 



Table 12 about here 



Conclusions and Recommendations 



In this study we attempted to evaluate the mental models acquired by 
novices following several hours of learning and practice in BASIC. It is 
important to note that we focused on novices* learning of mental models 
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, <:i her than 1 en rn i ug oi spirit ic .i 1 1 f o i : itien. \v. order to eialuatc i.>;r.!.:l 
n.» uie i , v;t adopted a detailed level ef ana 1 y- • i s- - 1 rans. .e t i on anal;/;.:: (Mayer, 
IV' 79). This analysis has allowed us to identify the misconceptions and 
nissin^. conceptions in novices 1 unde is taiul i ng of the conceptual models 
under lying elementary BASIC statements. 

The results of the study indicate that mastery of the information in the 
instructional booklet does not guarantee that users will acquire useful 
mental models for how the BASIC statements function. Although all oi the 
subjects in this study were able to adequately answer the questions on the 
mastery test at the end of each lesson, only about one-third of the subjects 
were able to produce correct conceptual descriptions of an average statement 
such as PRINT C or LET A^B+1 and more than one-half of the subjects geneiated 
incorrect or empty conceptual descriptions. 

Not surprisingly, the nature of the misconceptions are found to oiffer 
frcz: statement to statement; some statements being more diffic»- 1 t to grasp 
trrvn others. The programming statements in order of difficulty (based on tl;e 
verbal test) can be listed as: INPUT A, 30 READ A, TP A<B GOTO 99, 
LET A = B + 1, 20 DATA 80, 90, 99, 60 GOTO 30, PRINT C, LET D = 0, find PRINT 
"C". Hovever, this part of the results should not be taken as conclusive 
since we not only used a selective number of programming statements but 
presented them with a specific order in the testing sessions. One needs to 
compose an exhaustive list of the programming statements of BASIC and use 
different presentation orders to be able to make conclusive remarks about the 
relative comprehensib il ity of each statement. 

In this paper, we analyzed beginning programmers ' as a group so that we 
coull focus on the most common misconceptions. There seems to be sufficient 
evidence for specific recommendations to be made for each statement included 
in this study. 

2x 
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1. K oco i. r t- ndnt i ci'S ccncei w in;,; I N t'l'T . Subjects Iiavt' dil t'irulry j n 

; ,';a ivinj; where the l~n-be— input data ii..*;es I rum f.nd how it is « teied in 
ivrurv. Many subjects tall to understand the nature of executive 
control-— i.e. that the computer will "wait" lor input from the keyboard. 
These learners need explicit training concerning the role of input terminal, 
the wait-run control, and the memory spaces — including visual 
representations, verbal descriptions of key transactions (as listed in Table 
j) , and role playing by the learner, 

2. Recommendations concerning READ-DATA statements . Subjects have 
difficulty in conceiving where the to-be-read data comes from and how it is 
stored in memory. Subjects need explicit training concerning the data stack 
and the memory spaces — including visual representations, verbal descriptions 
of the key transactions (as listed in Tables 7 and 8), and role playing by 
the learner. 

2. Recommendations c oncerning the conditional GOTO and simple GOTO . 
Subjects' major difficulty with the GOTO is that they cannot conceive of what 
will happen next after program execution moves on to the desired line. Also, 
with the conditional GOTO, they seem to have difficulty in conceiving what 
would happen next if the condition is false. Hence, beginners need training 
at the terminal to observe execution control, explicit training with verbal 
descriptions of' the key transactions (as listed in Tables 6 and 9) and role 
playing to get a feel for execution control. 

4. Recommendations concerning LET statements . Subjects seem to get 
confused between solving an equation (i.e. treating the equal sign as an 
equality) and making an assignment. Those who seem to understand the 
assignment property in the statement still have difficulties in conceiving 
where to store the assigned values. Beginning learners need explicit 
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t'.ilni::/, t i 1 :^ e i ii i ug tit i { i c r v 1 oca t i en and under what c on d i t i on s 

v,i I'll-., M«-ri'»i in tho.-e i et a t i ons get ri.' n 1 aced . visual re pre sen tat i rr.s , 
verbal description* ( us i st i ng o T thf set of correct t ransnr t ion? f; s listed 
in T^K's 1 and 1'), and role playing by the. learner arc ways to overcome 
beginners dif f icul ties. 

[). R ccommendat i ons concer n ing the PR J NT s tatement s . Subjects seem to 
confuse the function of PRINT C and PRIM f, C". Also, subjects have 
difficulty in conceiving that these statements simply display on the screen 
what is asked to be printed; they incorrectly assume that the computer keeps 
a record of what is printed somewhere in its memory. Beginning programmers 
need explicit comparative training for the two types of PRINT statements. 
Training car. be at the terminal so that learners observe the differences in 
■ntput:; training Cnn include visual representations for memory spaces showing 
no change after staterjnt execution, verbal descriptions of the key 
transactions (as listed in Tables 3 and A), and role playing by the learner. 

'ihe present study has focused on diagnosis of bugs in novices' mental 
models for BASIC statements. The specific diagnosis of what users do not 
kne*--at the level of missing or incorrect transactions — allows us to develop 
individual instructional techniques for remediation. Thus, the next logical 
ste.) in this project is to determine whether instructional techniques can be 
developed t'-j correct users' mental models for BASIC. 
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^\\o wish to thank Jeffrey Marcus and the staff of the Microcomputer 
I ah oral ory a 'c the University of California, Santa Barbara, for their 

as s i st a nr. e on this project. 

p 

"The test booklets used in this study included additional questions that 
wort- ret analysed, and do not influence the present results. Appendices 
include instructions for the post tests as well as a sample pa^e and a sarr.pl o 
protocol fr.r. either pattest. 

" Since scoring was literal, there was no need lor an additional judge, 
;re unnecessary, inconplete and incorrect transactions are excluded 
:'c i purpose o r clarity. however, detailed versions of these tables can be 
'-htaint.a trerr. the authors upon request. 
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M i y foiu'i-j) t ions of BAS ) (' 



i i M 



. 1 



.17 



V. rite A- k* i if memory oi in i.^-mury 
spare A. 

rrint A^B+J or A or the value of A 
on the screen. 

Solve the equation in the statement. 
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I n complete Transact ion 
Write R+l in memory space A. 



,33 



.60 



Set of Correct Transactions 
Find the number in memory space A. 
Lrase the number in memory space A. 
Find the number in memory space B. 
Add 1 to the number in memory space B. 
** Write the obtained value in memory 
space A. 

Find (wait for) the next statement to 
be entered in the keyboard. 



Double asterisk (**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated from the 

test. 
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TabK ? 

' ivp; . r l i i >n o! I.sr rs Who P rcJuccl Fnch Transa c t i on i o r FKT D-- U 



\\ ri>;. 1 Test Visual Test 



.47 
.07 

. 0 7 



.07 



,10 



.03 



/ j 



Incorrect Transactions 

Write the equation in memory. 

Solve the equation in the statement. 

Print the equation on the screen. 

incomplete Transaction 
Write D or 0 in memory. 

Set of Correct Transactions 
Find the number in memory space D. 
Erase the number in memory space l> . 
**Write 0 in memory space I). 

Find the next statement to be entered 
in the keyboard. 



Note. — Double asterisk(**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated from the 

test . 
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"\\'V If i 

, p i<t Is<m - in' P rodiw-v Kadi i rans;ir t ion tor I'KINJ C 



Verba i 'i i'S t V i i'u:i 1 Test. 



,0/ 



. 10 



. 17 



1 ncor rec t Transactions 
Print the letter C on the screen. 
Print either error or nothing on the 
screen . 

Write C in memory, 



. 0 3 



Inco mpl et e Transact ion 
Print 



Set of Correct Transactions 
Find the number in memory space C. 
** Print the number or zero on the 
screen . 

Find the next statement to be 
entered in the keyboard. 



Note.-- Dov.ble asterisk (**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated from the 

test . 
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'labU- A 

Pi'oport i or. of liters Wl:o Produced F.ich Transaction tor PRINT "C 1 



V er haj IV s t V i su al 'U v - 1 

.07 .17 
.07 .03 
.01 



1 n co r re c t Transact ions 

Print the value of C on the screen 

Write C in memory 

Find the number in memory space C 



.07 



.07 



Id 



.47 



Inc omplete Transaction 

Do not prjnt the value of C on the 

screen . 

Set of Correct Transactions 
Find the letter C in quotes in the 
s tat emen t . 
**Print C on the screen. 

Find the next statement to be 
entered in the keyboard. 



;ote. — Double asterisk (**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated from the 



test 
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•loportion o t I set's wl.*- P ioducevi Path "i runsat t i i n li»r 



Wrhal Tost Visual Test 



, JO 
.03 



,13 
,07 



.17 
.20 



.10 



1 ncorrcc t Transact ion 

Write A in memory or data list . 

Print the data or A on the screen. 

Incompl e te Transaction s 

Wait for some data or number or A. 

Write a number . 



.07 



.00 

.03 
.03 
.03 

. 10 



.10 



Set of Correct Transactions 
* * Print ? on the screen 

** Wait for the number and the <CR> to be 
entered from the keyboard. 
Find the number entered in the 
keyboard . 

Find the number in memory space A. 
Frase the number in memory space A. 
** Write the number just entered in 
memory space A. 

Find the next statement to be entered 
in the keyboard. 



Note. - Double asterisk (**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated fron the 

test. 
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rioj-o.'tiop of l'<-rs Who V i uduced i'.ach Transa< t..i en IF A- COYO f j 



•rh i I Test: Visual Test 



, 10 
,10 

. 3 3 
. 4"; 



3 



.33 



13 



, 03 



I ncorrect Tra nsac tions 

Print number 99, line 99, or error or the 
screen. 

If A is less than B, then find number 99 
Write A or B or A is less than B in uemory. 
Find line 99 in the program 

Set of Correct Transactions 

Find the number in memory space A. 

Find the number in memory space B. 

Test if the number in memory space A is 

less than the number in memory space B. 
** If the value of A is less than the value 

in B, then move to line 99 in the program. 
** If the value of A is not less than the 

value of B, then move on to the next 

statement in the pi .>gram . 

Continue with the execution of the program 
from there. 



.'otc. — Double asterisk (**) indicates the key correct: transaction. 

Dash ( ) indicates transaction could not be evaluated from the 

test . 
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Table "/' 

•n»,-,uri ion oJ Users Who Produced Each Transaction for 20 DATA 80, 90, 99 



Verbal Test Visual Test 



Incorrect Transaction 



.13 .13 Print the numbers on the screen. 

Incomplete Transaction 
.27 .30 Put the data in memory t \ice A or ir. memory 

Set of Correct Transactions 

.03 Find the numbers in the statement 

.27 .60 **Put the numbers in memory or in the input 

queue. 

.00 Find the next statement in the program, 



Note. — Double asterisk (**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated from the 

test. 
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T;ibK- S 

Proportion of Users Who Prouuivri Kach Tr.iiu ; ction for KKA T ) A 



Verbal Test Visual Test 



.10 
.03 

.03 



,07 
.07 



Incorrect Transactions 

Print the value of A on the screen. 

Write A in memory. 

Wait for a value to be entered from 
the keyboard. 



,07 



.07 



10 



10 



13 



Set of Correct Transactions 
Find the DATA statement in the 
program. 

Find the number in memory space A. 
Erase the number in memory space A. 
**Wvite the first number from the DATA 
statement in memory space A. 
Find the next statement in the program 



Note. — Double asterisk (**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated from the 

test. 
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■i i ji^i IV-ers Whc l'r^iuci-il Kach Transact ion for 60 titno 3(J 



.07 
.03 



10 



T ncor rcct Trans? "tions 

If A does not equal to X or 99 find 30. 
Print line 30 on the screer. 



.00 
.67 
.37 



Se t of Correct Transactions 

Find the line number in the statement. 
**Move to Una 30 in the program. 
-^Continue with program execution f^om that 

line. 



Note. — Double asterisk (**) indicates the key correct transaction. 

Dash ( ) indicates transaction could not be evaluated from the 

test . 
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'I able 10 

Pro port ion of Users will: (.or re Lit, Incomplete, Incorrect, and Empty 
Conceptions tor the Nine BASIC Statements from the Verbal Test 

Concept ion s 

Stat ements Corre ct Incomp lete lr. correct Empty 



TNPIT A .03 

30 READ A .10 

IF A < R COTO 99 .27 

ETT A - B + 1 .27 

20 DATA 80, 90, 99 .27 

60 GOTO 30 .27 

PRINT C .33 

I. ill D = 0 -A3 

PRINT "C n .80 



.30 .30 .37 

.27 .17 .47 

.27 .40 .07 

.10 .60 .03 

.17 .13 .^3 

.56 .10 .07 

.00 .47 .20 

.03 .53 .00 

.00 .13 .07 
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l,:Mi: 1 1 

Pi opuit o! Users with Correct, ! m or.;plete, Incurred, ar.cl l.i.,pty 
Conceptions i the Sl-w-i: I-ASIC Statements tror: tW- Visual 'lest 



C onceptions 

State ments Co rrect Incomplete Incor rect Kmpty 

INPUT A .00 .00 .77 .23 

30 RKAD A . 13 .07 .43 .37 

hKT A = B * 1 .30 .20 .43 .07 

PRINT "C" .37 .00 .53 .10 

PRINT C .50 .00 .47 .03 

i n D = 0 .60 .07 .30 .03 

20 DATA 80, 90, 99 .60 .17 .17 .07 
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< : l i 1 ! Li - I! % /. i t 1 i '■ t v! 1 1 1 t. - 1 I ' : t , i W : i ■. ! tl t h L' 

{ \ . > i t v t ( f!- f , im; ; < r t he N i i;» !' tV. \ 1 ' ■ t a t «i.«en 1 : 



M.i 1 i'.'l l'AT-1 I'AV-.' 11 A i ll > Total Correct 
1 .00 

v . y\ i .oo 

0.49* 0.2; 1 . M() 

(- .OS -0.03 0. .Vf* 1 .00 

().?/< 0. 14 0.4 3* 0.0-1 1 .00 



( " ) indicates p < . 0 S 
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! w the- Veiha 1 Test . 
A riv-l i -.: V: A sample pd w of the Vol ha 1 Test. 
Avper.Jix C: A sample protocol from the Verbal Test. 
ApptT,-!!:: I>: Instructions for the Visual Test. 
Appendix K : A sample page of the Visual Test. 
/\p:u-r»cUx K: A sample protocol from the Visual Test, 
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Appendix A 

II ST i 



St.- j . u t- tf.;t yv u f, M' : a Cu • ! civ.putii I " j hoar J , 

,i »• : v ! »' -n p f ■ ■ • t he \'\\. TUKN !■ ey , h 

PRINT 3+3 <CR> 

Cjn you list, in English, a 1 1 of the steps that the computer must go 
through in order to carry out your command? Your job is to translate the 
BASIC cowman d into a list of steps written in plain English. List the 
step, in English sentences, as if you were telling the comouter what to do, 
step by step. Try to break the command down so that each step involves 
j u s t o no simple action. 

For example, try to list the steps for the command PRINT 3 + 3, by 
filling in as many of the following lines as you need: 

1 . 



3- 

k. 

5. m 

Wiite each step as an English sentence. Write the first step as a 
st.ntcn:e on line one; write the next step as a sentence on line two, and 
<-( o". . Use as many lines as you need. If yen; need more lines, just add 
cot- to the sheet; if you need less, just ignore the extra lines. 

In a moment, you will be given a booklet of problems. Each page con- 
tains one BASIC command. Assume that you type in that command followed by 
^ RETURN key. Your job is to list all of the steps that the computer must 
r,o through in order to carry out the command. List the steps in plain 
English, with each step giving one simple action, as if you were telling 
the computer what to do . Feel free to use less or more lines than are 
given for each problem. When you finish listing the steps for one command, 
turn the page and go on to the next. Assume that you are starting fresh 
cn each command and that the computer has no memory for earlier pages in 
the booklet. Once you go on to a new problem you may not go back to any 
previous problem. There is no time limit. Please take as much time as you 
need to do a complete and accurate job. Do you have any questions? 



Append i x B 

A-.-.c tint you type in this command, followed hy RETURN. 

LET A - B + 1 <CR> 

The steps carried out for this command arc: 

1 . . 

2. , — 

3- — 

k. 

5- , 

6. . 

7- — 

8 . . 



(If you need more lines just add the to this sheet; if y° u need less, 
just ignore the extra lines.) 

WHEN YOU FINISH THIS PROBLEM GO O'l TO T"E NEXT PAGE. 
YOU MAY NOT SKIP AHEAD OR GO BACK T OUS PAGES. 



4 



App'i-r. J i y. C 



i : i t i c«)-i y,v\ , fol l-.-vd hy RETURN , 



L f T A - h + 1 < CR> 



. tups cuurird out for this comma nd are: 



(If you need more lines just add them to this sheet; if you need less, 
just iqnor^ the extra lines.) 

WHEN YOU FINISH THIS PROBLEM GO ON TO THE NEXT PAGE. 
YOU MAY NOT SKIP AHEAD OR GO BACK TO PREVIOUS PAGES. 
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( i i t .'t ■•• . 



1 1 1 t ud y four ( f ; ! ■ 



,ts of 



■[I .in I 1 \u \ \ 




The display screen may look like the above, where "READY" indicates that 
the computer is ready to accept any command L»r information that you might type 
and the cursor 1 'J 1 1 indicates where you are on the screen. Whatever you type 
in and whatever the computer replies with get displayed through this screen. 

The keyboard is like a typewriter. It consists of keys for letters; 
diuits; special characters, such as +, = , and so on; and special commands, 
such a . RETURN and CON I ROL . 
? . Tn i r mor v : 





B 




c ) 




0 


11 


15 





Suppose that the memory of the computer consists of boxes labeled A, B, 
C, D, and so on, with a number or some other information stored in each. 
In tne above diagram, box labeled A contains the number 0, box labeled B 
contain, the number 21, box C contains the number 15, and box D contains 

tne number 6 1? . 

3. The input system: 




5^ ^ i £> Finished area 
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Numbers wait in line to be processed in the input system. When a number 
is processed it drops down to the finished area. In the above diagram, the 
numbers 5, 99, 6 are waiting to be processed, whereas the number 7 has already 
been processed. The next number in line to be processed is 6. 



I — —' ■ 

wait 

i 

Run 

L, 

When l hi- computer is waiting for you to type in something, the arrow points 
;o WAIT and when t tie computer is busy carrying out commands, the arrow points 
to RUN. In the above diagram, the computer is "running". 

New that you have been introduced to four parts of the computer, you are 
ready' to try a problem. Suppose that you typed in a one line command at the 
o»".,Mih'f keyboard, and then pressed the RETLT.-J key, such as, 



PRINT 3+3 <CR> 



Before the computer carries out this command (i.e. 
RETURN), the parts of the computer look like this: 



3 PRi*>T 3 + 3 



right after you press 




aJ 




c 


D 


0 


21 


15" 
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Can y>>u indicate how the parts of the computer wi 1 1 look like after this 
command has been carried out? Just fill in the diagram on the next page. 

You should feel free to write in numbers in the memory part and the input 
part, to move the direction of the arrow in the control part, and write in 
numbers and/or words in the display screen. Your job is to describe what you 
would see in each part of the computer after the command has been carried out. 
Of course, some parts may not change v /en though the command has been executed. 
Also, feel free to add any comments. 
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; In ■ i o'.ip 11 t >• r 1 ' >t i}-: lilt 
tli-- RETURN key. 






In a moment, you will ho given a booklet of problem',. Each page contains 
one BASIC command. Assume that you type in the command followed by RETURN 
each time. Your job is to fill in the. diagram so that it corresponds to the 
way the parts of the computer will look like after the command is executed. 
When you finish filling in the diagram, tu n the page and go on to the next 
problem. Assume that you are starting out fresh on each command and that the 
t .,, p „;, r has no memory for earlier pages in the booklet. Once you ro on to 
o no.; problem you may not go back to any previous problem. There is no time 

lir.it. Please take as much time as you need to do a complete and accurate 

iob. !)o you have any guest ions? 
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Append i x L 



A>>u,;ie that yon type in this command , followed hy RETURN 

LET A - B + 1 <CR> 



Befor e this com mand is executed (right after you press RETURN) , the part* 
of the computer look like this: 



/"ready 



7 









P 


0 

b - 


21 


15 






After this command has been executed , the parts of the computer look like 



t h i 



r 



AJ 


6j 


4 


>1 




WHEN YOU FINISH THIS PROBLEM GO ON TO THE NEXT PAGE. 
YOU MAY NOT SKIP AHEAD OR GO BACK TO PREVIOUS PAGES. 
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Append i x F 

lU -.. tint yo-j lype ii. tii.- oo'iniKind , followed hy RETURN. 

I [ '}' A ■-- R + 1 <CK> 



Before this comn.dnd is executed (right after you press RETURN), the parts 
of the computer look like this: 



*EM>Y 



A] 




cj 






0 


21 


(5 





7 




After this comman d has been exec uted, the parts of the computer look like 



this 



3 izi A - M 



At ' 

IP* 


[61 . 






0 


2-1 


16 




7 



WHEN YOU FINISH THIS PROBLEM GO ON TO THE NEXT PAGE. 
YOU MAY NOT SKIP AHEAD OR GO BACK TO PREVIOUS PAGES. 
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